Roles of Na+/H+ exchange in regulation of p38 mitogen-activated protein kinase activity and cell death after chemical anoxia in NIH3T3 fibroblasts.
Activation of Na(+)/H(+) exchange (NHE) plays a major role in cell death following ischemia/hypoxia in many cell types, yet counteracts apoptotic cell death after other stimuli. To address the role of NHE activity in regulation of cell death/survival, we examined the causal relationship between NHE, p38 mitogen-activated protein kinase (MAPK), ERK1/2, p53, and Akt activity, and cell death, after chemical anoxia in NIH3T3 fibroblasts. The NHE1 inhibitor 5'-(N-ethyl-N-isopropyl) amiloride (EIPA) (5 muM), as well as removal of extracellular Na(+) [replaced by N-methyl-D: -glucamine (NMDG(+))], prevented recovery of intracellular pH (pH(i)) during chemical anoxia (10 mM NaN(3) +/- 10 mM glucose), indicating that activation of NHE was the dominating mechanism of pH(i) regulation under these conditions. NHE activation by chemical anoxia was unaffected by inhibitors of p38 MAPK (SB203580) and extracellular signal-regulated kinase (ERK) (PD98059). In contrast, chemical anoxia activated p38 MAPK in an NHE-dependent manner, while ERK1/2 activity was unaffected. Anoxia-induced cell death was caspase-3-independent, mildly attenuated by EIPA, potently exacerbated by SB203580, and unaffected by PD98059. Ser(15) phosphorylation of p53 was increased by anoxia in an NHE- and p38 MAPK-independent manner, while Akt activity was unaffected. It is suggested that after chemical anoxia in NIH3T3 fibroblasts, NHE activity is required for activation of p38 MAPK, which in turn protects the cells against anoxia-induced death. In spite of this, NHE inhibition slightly attenuates anoxia-induced cell death, likely due to the involvement of NHE in other anoxia-induced death pathways.